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NERVE STIMULATION AND THE MOVEMENT OF MELANIN
GRANULES IN THE PIGMENT CELLS OF THE FROG'S WEB*
RICHARD S. SNELL, M.D., Pn.D. AND STANKO KULOVICH
In amphibia, cutaneous pigmentation is
largely due to three types of pigment cells.
These are (a) epidermal melanophores; (b)
dermal melanophores; and (e) dermal xan-
tholeucophores or interference cells (Hog-
ben, 1). In the present work our attention has
been confined to the epidermal and dermal
melanophores. Many factors including hor-
mones, skin moisture and temperature, to
mention just a few, are known to influence
the movement of melanin granules within
these pigment cells. Many earlier workers in
this field strongly believed that under normal
conditions the movement of melanin granules
within pigment cells was under the control of
the nervous system. However there existed a
confusing conflict of evidence on such basic
matters as the effects of nerve section and stim-
ulation, spinal transection and extirpation of
sympathetic ganglia. Later the researches of
Allen (2), Smith (3) and Hogben (1) showed
that the pituitary secretions form an impor-
tant factor in the regulation of amphibian
color responses. In fact Hogben made the state-
ment that fluctuating pituitary secretion is
adequate to interpret all the accredited phe-
nomena in adult amphibia, without invoking
a direct innervation of melanophores. Parker
(4) wrote that the color cells of amphibians
are probably without direct nervous control
and are adjusted entirely through pituitary
neurohumors. The many reports on the effects
of adrenaline, acetyleholine, nicotine and mela-
tonin on amphibian pigment cells which have
appeared in the literature have further eom-
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t Although the epidermal pigment cell is for
practical purposes identical in structure and func-
tion to a mammalian epidermal melanocyte (Snell
and Bischitz (5), Bisehits and Snell, (6)) this ter-
minology is used by biologists and will be adopted
here.
plieated the picture. However, no direct
histological evidence of melanophore inner-
vation nor unequivocal experimental data to
support the theory of direct innervation in
amphia has been forthcoming. The object of
the present work was to reinvestigate the
problem. By using carefully controlled experi-
ments it was hoped to determine finally
whether stimulation of a peripheral nerve can
influence the movement of melanin granules
within the pigment cells of the frog's web.
MATERIALS AND METHODS
Adult male Rana pipiens were used in all ex-
periments. Each frog was enclosed in a small plas-
tic chamber provided with adequate ventilation
and partially filled with water. The hind limbs
were protruded through two holes at one end of
the chamber. Both webs were splayed out on a
transparent plastic board and the toes were tied
in position. The legs and webs were kept moist at
all times with Ringer's solution. The plastic board
was placed on a microscope stage and the webs
were viewed with a water immersion lens. The in-
tensity of illumination of the frog's web was kept
constant throughout each experiment. By using
the fine lens adjustment of the microscope it was
possible to study changes in both the epidermal
and dermal melanophores. Photographs of these
cells were taken at intervals as required.
All the frogs were hypophysectomized 5 days
before each experiment4 Only frogs showing dis-
tinct epidermal and dermal melanophores were
used. The degree of dispersion or aggregation of
melanin granules within the dermal cells was as-
sessed by using the index described by Hogben
and Slome (7). A similar index was devised and
used for the assessment of the epidermal melano-
phores (see Text Fig. 1 and Plate 1). A more de-
tailed index of the epidermal pigment cells in the
frog has been prepared by Kulovich and McGuire
(8).
Nerve exposure and stimulalion.—The left sei-
atic nerve was exposed on the back of the thigh
and gently raised to the surface. A pledget of cot-
Hypophyseetomy was found to be necessary
since even the most delicate handling of an intact
frog caused aggregation of the melanin granules
within the dermal melanophores. For example a
frog with a melapophore index of 4 would often
during the space of 30 minutes aggregate down to
a value as low as 1. This would occur while it was
being secured within the plastic chamber.
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ton wool was wrapped around the proximal end
of the nerve and soaked in 2% procaine (without
adrenaline). This provided a satisfactory nerve
block. Beneath the distal end of the exposed nerve
was placed two platinum wire electrodes, the
cathode being positioned distally. Electrical stim-
ulation was provided by means of a standard mus-
cle stimulator. The duration of the electrical im-
pulse was kept constant at 1 millisecond. The
voltage of the stimulus was determined by first
estimating the minimum voltage required to cause
contraction of the gastrocnemius muscles in each
frog. This threshold value was then multiplied
x 5, >< 20 or X 100 and kept constant for each
experiment. The frequency of the electrical im-
pulse was kept constant at 1/sec., 10/sec. or 100/
sec. for each experiment. The duration for elec-
trical stimulation was restricted to a total of 30
minutes.
Experimental procedures—Two groups of ex-
periments were devised.
(a) A study of the effect of nerve stimulation
on the movement of melanin granules in the epi-
dermal and dermal melanophores of the hypoph-
ysectomized frog. The object of these experi-
ments was to determine whether nerve stimulation
could cause the aggregated melanin granules to
disperse.
Each animal was arranged on the stage of a
microscope and the sciatic nerve exposed as de-
scribed above. The nerve was then stimulated
electrically and the indices for both the epidermal
and dermal melanophores were recorded at 5 min-
ute intervals.
(b) A study of the effect of nerve stimulation
on the movemont of melanin granules in the epi-
dermal and dermal melanophores of the hypoph-
ysectomized frog which had received an injee-
tion of the natural alpha-melanoeyte stimulating
hormone (MSII). The object of these experiments
was to determine whether nerve stimulation could
modify the movement of the melanin granules
which normally occurs in response to injected
a-MElT.
It was particularly important in this group of
experiments that the dispersing effect of MElT on
the melanin granules should not be so great as to
hide a slight aggregating effect that might be pro-
duced by nerve stimulation. It was therefore first
necessary to determine the minimum dose of MSH
which when injected in a constant volume of
Ringer's solution (0.5 ml) into the dorsal lymph
sac of a frog would consistently produce a small
but measurable effect on both the epidermal and
dermal melanophores. These dose response curves
were carried out on groups of six frogs. 125, 2.5
and 5 units of natural a-MSH were found to be
suitable doses and their dose response curves con-
stituted the control part of the experiment (see
Text Fig. 3). Groups of frogs then had their
seiatic nerves stimulated as described previously.
The above doses of natural t-MSH were injected
and immediately that a measurable change was
noted in both the epidermal and dermal melano-
phores of the web, nerve stimulation of a given
fixed voltage and frequency was commenced.
Melanophore indices for both the epidermal and
dermal cells were recorded as each experiment
proceeded.
RESULTS
Nerve stimulation on web melanophores
in the hypophyseetomized frog
A total of 4 frogs were used and in all of
them the melanophore index remained prae-
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TEXT Fio. 1. An artist's impression of the epidermal melanophores (above) and the
dermal melanophores (below) of the frog's web at different stages in the dispersion of
melanin granules. The dermal melanophore index is a modification of that published by
Hogben and Slome (1931). The cells are not drawn to scale.
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PLATE I
FIG. 1. Shows a group of dermal melanophores of the frog's web. Note the complex
arborisation of the dendritic processes. X 255.
FIG. 2. High power view of a dermal melanophore. The melanin granules are in a partial
state of dispersion (M.I./3.5). Note that the dendritic processes of adjacent cells are in
contact but there is no evidence that they are in continuity. )< 445.
Fro. 3. A small group of epidermal melanophores of the frog's web. The large dermal
melanophores, which are not in focus, can just be seen. Note the similarity between the
morphology of the epidermal melanophores and that of the mammalian epidermal melano-
cyte. X 255.
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TEXT Fxo. 2. Graph showing the effect of sciatic
nerve stimulation on the melanophore index of
the epidermal and dermal pigment cells of the
web of the hypophysectomized frog. The arrow
indicates the time of onset of the nerve stimula-
tion which was continued for 30 minutes.
tically unchanged throughout the period of
nerve stimulation. This would indicate that
nerve stimulation had no dispersing effect on
the melanin granules in both the cpidcrmal
and dcrmal melanophores. A summation of the
results are shown in the graph (Fig. 2).
Nerve stimulation on web melanophores in
the hypophysectomized frog following
the injection of a-MSH
Control experiments—The graph showing
the effect of 1.25 units of a-MSH on the mel-
anophores without sciatic nerve stimulation
is shown in Fig. 3. It is seen that both epi-
dermal and dermal melanophores react to MSH
in a similar manner, but the melanin granules
within the epidermal cells show a tendency
to remain in a dispersed state for a longer
period of time than the dermal cells. 2.5 and S
units of MSH produced practically identical
results.
Nerve stimulation experiments—A total of
54 frogs were used. An example of the results
of these different experiments is shown in the
graph in Fig. 3.
The following is a summary of the overall
findings:
1. Sciatic nerve stimulation did not prevent
the MSH from producing dispersion of the
melanin granules in the epidermal and dermal
mclanophores even when only the smallest
effective doses of the natural hormone were
given.
2. Nerve stimulation did not accentuate or
inhibit the degree of dispersion of the melanin
granules produced by MSH.
Capillary circulation.—A close watch was
kept on the circulation of blood through the
web capillaries. The majority of frogs showed
some slowing of the circulation during the
initial period of nerve stimulation especially
when electrical impulses of high voltage were
used. Normal circulation was usually restored
after a period of ten minutes.
nlscussloN
The early work of Pouchet (9) and von
Frisch (10) showed that there was a direct
peripheral nervous control of tclcost melano-
phores. These findings undoubtedly influenced
the early workers on amphibian color changes
and they claimed that frog melanophores were
under direct nervous control. For a review and
critical assessment of this early frog work the
reader is referred to the monograph by Hog-
ben (1).
Lister (11) and Hcring and Hoycr (12)
found that section of the peripheral nerve sup-
ply to one leg of the frog was followed by
local darkening of the skin. The work of Nuss-
baum and Hooker (13) failed to confirm these
observations. Hogbcn (1) sectioned the lumho-
sacral plexus on one side of the frog and ob-
served the animal for several days after the
operation. Microscopic observation of the web
dermal mclanophorcs revealed no changes.
Hooker (14) on the other hand found that
sectioning of the lumbosacral plexus or re-
moval of the lower sympathetic ganglia did
not effect the normal and synchronous color
changes in Rana fusca. When however both
these operations were carried out together the
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Fjo. 4. High power view of two epidermal melanophores. Note the small cell bodies
filled with melanin and the long branching dendritic processes. X 413.
Fio. 5. Low power view of both epidermal and dermal melanophores of the web of the
hypophysectomized frog 5 minutes after receiving a systemic injection of a-MSH. The
epidermal melanophore index is 1, and the dermal melanophore index is 2. >< 116.
Fio. 6. A thick vertical section of the frog's web showing an epidermal melanophore in
the basal layer of the epidermis. Note the presence of melanin granules in the adjacent
cells of the epidermis. Parts of the dendritic processes of three dermal melanophores are
seen in the lower part of the photograph. >< 544.
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TEXT FIG. 3. Graphs showing the melanophore indices of the epidermal and dermal
pigment cells of the web of the hypophysectomized frog. Graph A (control) shows the
effect of the systemic injection of 125 units of natural a-MSH only. Note that in the
epidermal melanophores the melanin granules remain dispersed at 40 minutes whereas
aggregation of the granules starts at 30 minutes in the dermal melanophores. Graph B(experimental) shows the effect of sciatic nerve stimulation following the injection of 1.25
units of natural a-MSH. The arrow indicates the time of onset of the nerve stimulation.
Similar findings were produced in experiments using 2.5 and 5 units of MSH.
skin of the lower limb was at first slower in re-
acting. These results led him to believe that
there were two nerve centers for the control of
melanophores. Hogben (1) confirmed these find-
ings but attributed the delay in color change
in the denervated lower limb to capillary stasis
and the failure of adequate endocrine secretions
to reach the limb melanophores.
Several workers have studied the effect of
stimulation of the sciatic nerve on frog web
melanophores. Hering and Hoyer (12), Bieder-
mann (15) and Fuchs (16) found that the skin
on the corresponding extremity was lightened.
Meyer (17) found no change in skin color fol-
lowing nerve stimulation. Hogben (1) repeated
this work but in one group of experiments the
frogs were given curare to prevent muscle con-
traction. He found that in the non-curarized
frogs after half an hour of nerve stimulation the
melanophores in the web of the stimulated limb
were slightly less expanded as compared with
the opposite web. However in the curarized
animals no melanophore changes could be de-
tected. He was of the opinion that the products
of muscle metabolism were responsible for the
slightly contracted melanophores in the non-
curarized animals.
The present investigation combines for the
first time a histological examination of both the
epidermal and dermal melanophores in the
frog's web during sciatic nerve stimulation. By
using hypophysectomixed animals it was pos-
sible to ensure that the experiments started with
a constant low melanophore index. The results
showed that nerve stimulation had no effect on
the movement of melanin granules in the epi-
dermal and dermal melanophores of the frog's
web. It was interesting to note that in spite of
the vasomotor interference with consequent
temporary slowing of the blood circulation the
movement of the melanin granules in response
to a-MSH was unaffected.
The delay in the onset of aggregation of
the melanin granules in the cytoplasm of the
epidermal melanophores at 25—30 minutes after
the injection of a-MSH as compared with the
rapid onset of aggregation of the granules of
the dermal melanophores at this time is of
interest and may be due to a difference in
function of the two types of cells. It would
appear that the principal function of the small
epidermal melanophore is to provide adjacent
epidermal cells with melanin pigment, whereas
the much larger dermal melanophores hold on
to their melanin and the granules rapidly
change position within the cytoplasm in re-
sponse to various stimuli. It is the latter cells
which enable the frog to quickly change color
and so adapt itself to the color of its sur-
roundings.
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SUMMARY
1, The effect of electrical stimulation of the
sciatic nerve on the cpidcrmal and dermal
mclanophorcs has been studied in the web of
Rana pipiens.
2. All the animals were hypophysectomized
in ordor to produce uniform aggregation of the
melanin granules within the melanophorcs be-
fore the start of each experiment.
3. The results showed that (a) nerve stim-
ulation did not cause dispersion orfhc melanin
(b) nerve stimulation did jLJNvcnt the
MSH from produçpg4j3prsion of the
ningiiiiiWesin__the cpidcrmal and dcrmal
mclanophorcs even wilTIiimacsi
cffcctivedbTEiThioierc given,
(c) Th}Vc stimulation did not accentuate of
inhif3iChcdg of dispersion of ihc thdla-
Tiiin granulcs_pxodncedliiMSTh1tEiiihcsc
cells.
4. It was concluded that the epidcrmal and
dcrmal mclanophores of the frog's web arc not
directly under the control of the nervous sys-
tem.
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